This paper investigates the link between firm-level innovative performance and innovation prone external environments where knowledgeable individuals tend to cluster. Organizational ambidexterity and absorptive capacities (potential and realized) make it possible for firms to leverage the availability of external knowledge and boost their innovation performance. The empirical analysis focuses on England and is based on a novel combination of Community Innovation Survey (CIS) firm-level data and patent data. The results show that only firms complementing potential and realized absorptive capacities are able to take advantage of favorable external environments by actively combining internal and external sources of knowledge.
Introduction
The geographical mobility of skilled individuals as a channel of knowledge accumulation and diffusion has received remarkable attention in the existing literature (e.g. Feldman, 1994; Audretsch and Feldman, 2004; Carlino et al., 2007; Oettl and Agrawal, 2008; Breschi and Lissoni, 2009; Trippl and Maier, 2010; Gagliardi, 2015) . Areas experiencing inflows of highly qualified individuals benefit from the development of an enabling environment for innovation and growth (Carlino et al., 2007; Glaeser et al., 2010; Kerr, 2010) . Firms located in these innovation prone environments may take advantage of knowledge flows localized within the recipient spatial units (e.g. Marshall, 1920) .
However, local firms have often been treated as passive recipients of local knowledge inflows rather than as active nodes that may (or may not) search for external knowledge by leveraging connections with their external environment (e.g. Feldman, 2003; Barnard and Cantwell, 2006) . To overcome this limitation and investigate the conditions that allow firms to take advantage of favorable external environments and knowledge sources, this paper brings firms (and their strategies) back at the very center of the conceptualization of the link between mobility and innovation.
In order to shed new light on the response of firm-level innovative performance to the concentration of knowledgeable individuals in their external environment, we cross-fertilize the geography of innovation literature with insights from strategic management. In so doing, we aim at contributing to both strands of research that have been rarely combined to address similar questions. On the one hand, strategic management has devoted a significant attention to inter-organizational mobility of personnel as a way to achieve better innovative outcomes (e.g. Rao and Drazin, 2002; , Song et al., 2003; Rosenkopf and Almeida, 2003; Corredoira and Rosenkopf, 2010; Palomeras and Melero, 2010; Singh and Agrawal, 2011; Mawdsley and Somaya, 2016) , while overlooking the complementary role of geographic mobility. On the other hand, the geography of innovation literature has traditionally focused on how contextual conditions shape firms' innovative performance (e.g. Dahl and Pedersen, 2004; Audretsch and Feldman, 2004; Boschma et al., 2008; Beugelsdijk, 2007; Crescenzi et al., 2013) , but has often adopted an aggregate approach overlooking the role of firm-level heterogeneity in its interaction with the external environment.
The conceptual framework relies on the notion of organizational ambidexterity as the ability of firms to simultaneously explore and exploit (e.g. Tushman and O'Reilly, 2007; Gibson and Birkinshaw, 2004; Rothaermel and Alexandre, 2009) , and applies this concept to firms' knowledge acquisition behavior. The knowledge acquisition behavior of firms is the result of the exploration and exploitation of internal and external sources; firms benefit from the combination of both. In this context absorptive capacities are the key enabling factor for the emergence of ambidexterity benefits. In particular, we rely on the distinction between potential and realized absorptive capacities (e.g. Zahra and George, 2002) . The former being the actual capability of the firm to understand and process knowledge (Cohen and Levinthal, 1990) while the latter reflects differences in knowledge management strategies in terms of ability to "leverage the knowledge that is absorbed" (Zahra and George, 2002, p.190) , and exploit it within the internal process of knowledge generation. Firms complementing potential and realized absorptive capacities are in the best position to take advantage of favorable external environments through the combination of internal and external knowledge.
This central hypothesis derived from our conceptual framework is empirically tested by means of a novel database that combines data on English firms from the United Kingdom (Community) Innovation Survey (UKIS) 1 with information on the mobility of inventors from patents records provided by the European Patents Office (EPO). We focus on firms that are sampled in two consecutive waves of the CIS -CIS4 and CIS5-thus exploiting the panel dimension of the data. In addition, we make use of information on the location behavior of multipatenting inventors to identify those locations in England that were exposed to inflows of highly knowledgeable individuals (e.g. Song et al., 2003; Agrawal et al., 2006) . While inventors' mobility offers an imprecise measure of the magnitude of the actual inflows (e.g. Ge et al., 2016) , it allows a clear identification of locations that act as centers of attraction for talent. In areas that manage to develop themselves into knowledge hubs, productivity gains emerge from the clustering of talented people (Florida, 2002) . Where the two datasets are merged on the basis of geographical locations we can compare the innovative performance of firms located in areas that experienced inflows of inventors in the previous period against areas which did not, testing whether -after controlling for firm-specific observable and unobservable characteristics -different contextual conditions affect innovative outcomes. In order to investigate how firms leverage realized absorptive capacities in their learning and knowledge acquisition behaviors, we distinguish between firms that make use of external resources to develop their innovations and firms that rely mainly on internal assets. We test the robustness of our results against endogeneity concerns due to reverse causality -via instrumental variable techniques -and alternative explanations for variations in firms' innovative outcomes as a consequence of their external environment.
The empirical results suggest that firms' innovative performance strongly depends on their internal assets and potential absorptive capacities. Instead, no effect is associated with their location in areas that were exposed to knowledgeable inflows in the previous period when we control for time invariant firm-specific characteristics. This result diverges from the traditional findings in the economic geography literature where the mobility of talents is associated with a boost in innovative performance via agglomeration externalities (e.g. Faggian and McCann, 2006 and Gagliardi, 2015 for the UK; Peri, 2007 and Gauthier-Loiselle, 2010 for the US; Miguélez and Moreno, 2013 for Europe). It also supports the existence of an overestimation bias potentially affecting exiting studies that do not fully control for firm-level observable and unobservable characteristics when investigating the role of innovation prone environments. Coherently with this latter claim, we find that the innovation benefit from the location in a contextually enabling environment is highly heterogeneous and depends on the level and scope of firms' realized absorptive capacities. Only firms that successfully complement internal and external knowledge sources can take full advantage of the positive spatial externalities generated by innovation prone environments. This result links back to early innovation studies focusing on the pay-off of complementarity strategies that combine internal and external sources of knowledge (e.g. Arora and Gambardella, 1990; Cassiman and Veugelers, 2006; Love and Roper, 2009) , and to more recent contributions addressing the topic in a dynamic context, by looking at the variation in innovation outcomes at the firm level as the result of the switch towards complementary strategies (e.g. Love et al., 2014) . It also emphasizes -with reference to the link between mobility and innovation -that firms' outcomes can neither be fully explained by firms' internal inputs nor by their external environment in isolation, but they are rather the result of the interaction between the latter and firms' heterogeneous internal assets, technological capabilities and knowledge management strategies (e.g. Maré et al., 2014; Gagliardi, 2015) .
The following section details the conceptual framework of our study. Section three describes the data used for the empirical investigation with a focus on key variables, while section four discusses the estimation and identification approach. Section five presents the main results and robustness checks and section six concludes.
Conceptual framework and hypothesis
The conceptual framework of this analysis aims to cross-fertilize the strategic management view on firms' knowledge acquisition behavior, and the economic geography literature, which has looked at the location behavior of individuals and firms in space in the formation of agglomeration economies.
In the Marshallian theory of agglomeration economies firms cluster in specific locations to take advantage of (i) inter-firm linkages, (ii) labor pooling effects and (iii) localized knowledge spillovers. In this context, geographical mobility (and in particular the mobility of highly skilled individuals) contributes to the creation of an enabling environment for innovation (Feldman 1994; Audretsch and Feldman, 2004; Carlino et al., 2007; Glaeser et al., 2010; Kerr, 2010) . This 'enabling' environment supports the localized diffusion of knowledge and has often been evoked by both urban economists (Glaeser et al., 2010; Kerr, 2010) as well as by the more institutional approaches in the regional systems of innovation (RSI) tradition (e.g. Lundvall, 1992; Nelson, 1993; Edquist, 1997) . In the former case, firms' advantages are associated to the location in places where 'knowledge is in the air' (Marshall, 1920) . In the latter, benefits arise from "regionally embedded, institutionally supported, networks of actors" (Uyarra, 2011, p. 125) . In these contexts, firms benefit from supportive local innovation ecosystems (Roper et al., 2017) , which in turn links back to the notion of innovation prone regions as regional systems that are "capable of transforming a larger share of their own R&D into innovation and economic activity" (Rodríguez-Pose, 1999, p.82) . Existing empirical studies employing this rationale have almost exclusively adopted a spatial approach (Borjas, 1999 (Borjas, , 2006 Dustmann et al., 2005; Rodríguez-Pose and Crescenzi, 2008; Glitz, 2012 ) that looks at the spatial correlation between innovative outcomes and environmental attributes within self-contained, functional geographical units of analysis. They generally converge in suggesting a positive state/regional/ city-level effect of geographic mobility on innovation: agglomeration dynamics taking place within recipient spatial units result in an innovation-enhancing effect.
Yet, within this framework, firms are often treated as passive recipients of knowledge with limited attention to differences in their capacity to take advantage of localized sources of knowledge. In a resource-based perspective firms are heterogeneous with respect to their resources, capabilities and organizational capacities to develop new competencies (Teece et al., 1997) . This heterogeneity plays a key role in terms of (i) internal resources and capabilities that mediate the acquisition of individually embodied human and relational capital (e.g. Adler and Kwon, 2002; Hatch and Dyer, 2004; Groysberg and Lee, 2009; Mayer et al., 2012) , and (ii) firms' strategic behavior in the way in which they achieve the optimal matching between alternative sets of resources for the development of their knowledge outcomes (Grigoriou and Rothaermel, 2014) . In this perspective, the conditions under which firms are able to take advantage of being located in knowledge hubs are of two types. First, both financial and human resources are needed for firms to develop potential absorptive capacities and appropriate and internally recombine external knowledge from other co-located actors (e.g. Shaver and Flyer, 2000) . Second, they need to actively engage with virtuous local dynamics of knowledge circulation by searching for their knowledge inputs and leveraging connections with their local environment (e.g. Feldman, 2003; Barnard and Cantwell, 2006) . Hence, firms' realized absorptive capacities are the result of deliberate strategies in terms of knowledge seeking behavior that reflect the ways in which different organizations balance their 'internal' (i.e. intra-firm linkages) and 'external' (geographically bounded linkages) agglomerations (Alcacer and Delgado, 2016) .
Organizational ambidexterity and the moderating role of firms' absorptive capacities
The notion of organizational ambidexterity is particularly relevant to study how firms interact with their external environment. We postulate that firms benefit from the capacity to simultaneously explore and exploit different sources of knowledge (Raisch and Birkinshaw, 2008) , thus achieving ambidexterity advantages associated to the development of an optimal knowledge mix. In other words, the performance of firms is intimately connected to their knowledge sourcing strategies through the combination of internal and external sources, and an excessive focus on either internal or external assets is likely to lead to obsolescence and lock in (e.g. Teece et al., 1997; Cassiman and Veugelers, 2006) . Based on this premise we formulate the first conceptual proposition of this study, that is: Ambidexterity advantages stem from the simultaneous exploration and exploitation of both internal and external sources of knowledge.
Then, we assume firms' absorptive capacities to be a crucial condition to manage the internal-external trade off and to fully attain the ambidexterity benefits associated to exploration and exploitation. We define absorptive capacities as the set of organizational assets and processes through which firms acquire, assimilate and transform knowledge. They make it possible for firms to identify, understand and acquire knowledge originating from beyond their organizational boundaries, as well as to assimilate and integrate it with the existing internal knowledge stock (e.g. Arora and Gambardella, 1994) . This observation leads to the second proposition of our conceptual framework, that is: Absorptive capacities are crucial to leverage ambidexterity advantages.
Finally, we add further structure to our framework of understanding by introducing a more nuanced notion of absorptive capacities as belonging to two types: potential and realized. Potential absorptive capacities are those needed to acquire and assimilate external knowledge (e.g. Lane and Lubatkin, 1998) . They capture the traditional concept popularized by Cohen and Levinthal (1990) and refer to the actual capability of firms to understand and process knowledge. We assume that firms differ in their degree of potential absorptive capacities to the extent to which they possess adequate financial and human resources to build internal knowledge assets. Consequently, 'capable' firms, which are characterized by higher internal competences, are in principle more able to take advantage of favorable external conditions. Nonetheless, these potential absorptive capacities are a necessary but not sufficient condition to exploit the benefits of innovation prone local environments. Our expectation is that they are positively associated to firms' outcomes but they do not necessarily imply the actual exploitation of external knowledge to achieve better innovative performance. Conversely, realized absorptive capacities reflect the capability of firms to "leverage the knowledge that is absorbed" (Zahra and George, 2002, p.190) . In other words, they signal the extent to which firms are capable (and willing) to recombine external knowledge with internal capabilities and to exploit it for the development of innovations. Hence, we make the following proposition as an additional building block to our conceptual framework: Only firms complementing potential and realized absorptive capacities improve their innovative performance in response to innovation prone environments.
Taken together the three conceptual propositions presented above lead to the definition of the main hypothesis tested in our empirical analysis. Overall, the extent to which firms benefit from externalities associated to the location behavior of knowledgeable individuals depends on their mix of potential and realized absorptive capacities. After controlling for the former, firms' behavior in terms of acquisition and exploitation of external sources shapes the value of their interactions with the external environment. Strategic considerations over the intensity and reliance on external assets, in turn, reflect distinctive firms' technological paradigms. Previous research has found support for this view in different contexts. For instance, Agrawal et al. (2010) suggest that large vertically integrated firms might be less prone to access locally available knowledge assets: dominant firms in 'company towns' tend to be more inward looking than other firms, while smaller firms in the same areas do not show the same myopic behavior. Crescenzi et al. (2015) find that firms' heterogeneity shapes the extent to which domestic firms are able to benefit from knowledge flows from foreign firms active in their same sector, and that differences in their external knowledge acquisition behavior contribute to determine the intensity of these flows. Existing empirical studies have so far failed to fully incorporate these insights into the analysis of knowledge flows generated by the location behavior of knowledgeable individuals. Therefore, the following testable hypothesis is formulated:
H1. Innovation prone local environments -i.e. areas experiencing inflows of knowledgeable individuals -boost the innovative performance of firms that are capable to combine external and internal knowledge sources 3. Data sources and their combination
Firm-level data
The empirical analysis is based on data on English firms from the United Kingdom (Community) Innovation Survey (UKIS).
2 The UKIS is a firm-level survey accessible to approved researchers accredited by the UK Office for National Statistics (ONS) and provides information on firms' innovative activities and performance with respect to different types of innovation outcomes (product, process and organizational innovation). The survey also offers detailed information on the internal inputs devoted to the innovative process (financial investments and skilled employees): in light of the conceptual framework developed in this paper these are essential indicators for potential absorptive capacities. The dataset also includes information on a wide range of other firm-level characteristics (such as size, sector of activity, market of reference, etc.). The survey is constructed in order to build a balanced sample among all sectors of activity. It is characterized by a significant share of small and medium sized enterprises, 3 thus capturing a typology of innovation that is substantially underestimated by alternative sources (e.g. patents statistics commonly used in existing studies to indicate innovative performance; see e.g. Ahuja and Katila, 2001; Hagedoorn and Cloodt, 2003; Gagliardi et al., 2016 3 Almost 70% of our total sample of firms is classified as small or medium-sized enterprise. 4 The CIS4-CIS5 merged sample makes it possible to exploit the within firm variation while keeping a reasonable number of observations. The UKIS is constructed on the basis of repeated cross-sections with a small panel dimension. Therefore the extension of the analysis to more recent waves would incur a large cost in terms of decreased observations. In addition, the robustness of the CIS4-CIS5 panel, covering the period 2002-2006, has been subject to detailed investigation from the UK Office of National Statistics (ONS), which published the following report on the dynamic changes between the two waves:
with few exceptions (e.g. Frenz and Ietto-Gillies, 2009; Gagliardi, 2015; Gagliardi and Iammarino, 2017 ) -almost exclusively focused on a single wave, limiting the possibility to fully control for firms' time invariant unobservable characteristics and for changes in observable features over time. Given the importance of firm-level heterogeneity for our analysis, the possibility to control for firm-level fixed effects is of paramount importance for the robustness of our results. In order to recover detailed information on the geographical location of each firm, the final CIS4-CIS5 merged sample has been merged with the Business Structural Database (BSD 2004) . 5 The BSD is the census of UK enterprises that covers almost 99% of UK economic activities. This makes it possible to retrieve the 7-digit postcode location of each firm and, as a result, to attribute them to the corresponding local labor market area (also known as Travel-to-Work-Area 6 or TTWA).
The recovery of detailed geographic information at the postcode level, and the possibility to correctly locate firms within each TTWA, is of utmost importance for our analysis. TTWAs are functional local labor markets constructed in order to be self-contained areas in terms of workers' daily commuting patterns. As such, at least 75% of the individuals working in a TTWA also live in the same area. This makes it possible to look at the effect of spatially bound knowledge flows associated to the location behavior of knowledgeable individuals, while factoring out the 'noise' related to commuting patterns. In other words, by incorporating both the workplace and the residential address 7 of each individual, TTWAs are the geographical contexts in which all market mediated (via the labor market) and non-market mediated (via pure externality mechanisms) face-to-face interactions between co-located economic actors take place. Data from the UKIS are employed to construct the dependent variable (i.e. a dummy variable taking the value 1 if the firm is performing any product or process innovation, or 0 otherwise) and all other firm-level controls. Data on skilled employees and investments in R&D are used as proxies for firms' potential absorptive capacities (Kogut and Zander, 1996; Harris and Moffat, 2013) . More specifically, R&D investments are measured by means of a dummy that takes the value 1 if the firm performed in a given time interval any intramural R&D investment, or 0 otherwise. Skilled employees are proxied by the share of personnel holding a degree in Science and Engineering or other subjects (see Table 1 ). This latter control, besides providing important information on firms' internal assets, makes it also possible to identify the effect of being located in innovation prone areas while controlling for the knowledge that is acquired by firms through learning-by-hiring. The control on firms' export orientation, instead, is constructed by exploiting information of the main market of reference (local and national vs. European and international) in order to control for the correlation between innovation and export via learning by exporting dynamics (e.g. Salomon and Shaver, 2005; Jin, 2008, 2010) . We also exploit information on firms' knowledge seeking strategies focusing in particular on those firms that make use of external sources of knowledge, in addition to internal ones, for the generation of innovation. In this regard, we look at the relevance of different sources of information for innovation processes (our proxy for realized absorptive capacities). In fact, firms are asked in the UKIS questionnaire to rate on a scale of 0 (not important) to 3 (utmost importance) the following sources of knowledge: 'internal sources of information', 'market sources of information' − which include suppliers, clients and customers, competitors, consultants and commercial labs − and 'institutional sources of information' (including universities and Governments and public R&D institutes). We identify firms that 'external sources of information' (both market and institutional) as a 2 or 3 and construct a dummy variable that assigns them the value 1, while taking the value 0 if the rating is equal to 0 or 1. We take this as an indicator for the capacity (and willingness) of each firm to engage in valuable collaboration networks with external actors. This, in turn, signals a more outward oriented innovation strategy that reflects firms' capacity to leverage and exploit external sources, which also proxies their level of realized absorptive capacities. 
Identification of innovation prone areas based on knowledgeable inflows
In order to test our hypothesis on the link between firms' innovation outcomes and their external environment we need to identify areas (TTWAs as discussed above) that are prone to innovation-enhancing interactions. For this purpose, we leverage information on the spatial mobility of inventors 9 in order to capture TTWAs that experienced recent inflows of highly knowledgeable individuals. In line with previous contributions that trace mobility patterns at a very detailed geographical level, we focus on the spatial behavior of multi-patent inventors (e.g. Zucker et al., 1998a; Zucker et al., 1998b; Almeida and Kogut, 1999; Song et al., 2003; Hoisl, 2007; Breschi and Lissoni, 2009; Miguélez and Moreno, 2013; Crescenzi et al., 2016 Crescenzi et al., , 2017 . We construct a dummy variable taking the value 1 if a local labor market experienced inflows of inventors, and 0 otherwise. Our key regressor is thus aimed at selecting those spatial segments of the labor market that can be qualified as innovation prone environments in terms of attraction of talents rather than providing a measure of the magnitude of actual inflows. In so doing, we build on the consolidated rationale of the theory of agglomeration economies that focuses on geographic mobility mainly as a channel of diversity and complementarity in knowledge (e.g. Carlino, 2001) . We also embrace the recent critics on the limitations associated with flow measures based on patent records (e.g. Ge et al., 2016) , 10 while exploiting them exclusively as an indication for the direction of the flows. English patents from the European Patent Office (EPO) -our main data source -include detailed geographical information (at the postcode level) on inventors, making it possible to identify their exact spatial location, and the time frame of their mobility event by looking at the priority date of the invention associated to any change in the inventor's address. As an example, if inventor Alpha patented invention #1 at time t in Cambridge and invention #2 at time t + T in London we can conclude that (s)he moved from Cambridge to London in the time window (t, t + T). In order to develop the most accurately possible (footnote continued) http://www.bis.gov.uk/assets/biscore/corporate/migratedd/publications/p/persistence_and_change_in_uk_innovation.pdf. As customary in the inventors' mobility literature we have relied on the residential address of the inventors. Conversely, the address of the applicant (the company or entity associated with the patent) does not necessarily correspond to the location where the inventive activity actually takes place. The address of the applicant often corresponds to the legal address of the company and/or to its headquarter. The best possible association between the inventors and their actual workplace is achieved by relying on Travel-ToWork areas (TTWAs) as our spatial unit of analysis.
8 A similar proxy to signal the reliance on external sources of information and the complementary use of exploration and exploitation strategies at the firm level has been employed in existing contribution using CIS data including Criscuolo (2005) , Van Leeuwen and Klomp (2006), Crespi et al. (2007) and Gagliardi and Iammarino (2017) . 9 It is worth noting that we do not exploit patent data to measure both our dependent and independent variable. This limits concerns over the existence of a mechanical correlation between innovative performance and the mobility measure, which is likely to upward bias the estimates of previous studies.
10 By looking at patents as a means to track mobility, Ge et al. (2016) find that patentbased measures generate 12% false positives and 83% false negatives with respect to a measure of mobility created by using LinkedIn profiles.
R. Crescenzi, L. Gagliardi Research Policy 47 (2018) It is worth noting that the nature of our data implies that we can only observe the location behavior of inter-regional movers, i.e. individuals that relocated from other local labor markets within England. As a consequence, we do not account for inventors that entered the English labor market for the first time during the period 2000-2004 from other countries.
11 This is because the identification of movers from multi-patenting inventors relies on both their origin (i.e. the place where the inventor patented the first time in the time window of interest) and destination areas (i.e. the new and different place where the inventor subsequently patents). As a matter of fact, however, we cannot observe whether an individual that patents during our time frame has already patented before in a foreign country. Yet, we believe this limitation does not substantially affect our spatial figures as we expect international movers to pay an initial cost in terms of integration process that may generate some delays in their capacity to patent. Given the restricted time window of our analysis, the number of people that patented in a foreign country, moved to the UK and patented again in an English region between 2000 and 2004 is unlikely to be significant. In addition, a potential bias would emerge only in the case in which these 'unobserved movers' exhibit a completely different location behavior with respect to inter-regional movers, which is unlikely to be the case as we expect the distribution of international migrants to closely resemble the core-periphery hierarchy of innovation centers depicted by internal mobility flows.
Preliminary descriptive statistics
The final sample of firms includes 2936 English private companies that are observed for two consecutive UKIS waves. Overall, an average of 35% of firms performed either product or process innovation over the whole period 2002-2006, 38% in the first wave (2002) (2003) (2004) only, and 32% over the period [2004] [2005] [2006] only. Almost 33% of the total number of firms performed investments in R&D and at least 10% of their workers had a university degree. In addition, approximately 37% of the total sample of firms is active on the international market and engaged in exports during the period under analysis. Finally, 67% of firms on average declared that they made use of external sources of information (including suppliers, clients, customers, competitors, other businesses in the industry, consultants, commercial labs, universities and public and private R&D institutes) for the development of their innovation. Table 2 shows the variation over time in the importance of different information sources. Interestingly, more than half of the sample manifested some changes in the balance between internal and external sources of information during our time frame. In particular, about 22.5% of firms declared an increase in the relevance of external sources of knowledge for the development of their innovation. This percentage rises to 29% with respect to external knowledge from suppliers, clients and customers and competitors, and is below 20% for other categories of external actors. On the other hand, for about 26% of firms in our sample there is an increase in the importance of internal sources of knowledge.
The analysis of inter-regional mobility patterns in England show Note: 'Product Innovation' refers to activities bringing to the market new and improved products, including both tangible goods and the provision of services. 'Process innovation' is defined as "significant changes in the way that goods or services are produced or provided". Both variables can refer to both products and processes new to the business only or to the market and industry as well. 'R&D investments' are defined as "Creative work undertaken within your enterprise on an occasional or regular basis to increase the stock of knowledge and its use to devise new and improved goods, services and processes". 'Employment with degree' is measured with respect to people holding a degree (BA/BSc, or higher degree, e.g. MA/ PhD, PGCE) in Science and Engineering or other subjects. The variable 'External sources of information' refers to firms rating 2 or 3 in a scale from 0 to 3 the importance of the following knowledge sources: "market sources of information" and "institutional sources of information". These categories include suppliers, clients, customers, competitors, other businesses in the industry, consultants, commercial labs, universities and public and private R&D institutes. The variables "Backward Linkages" and "Forward linkages" refer to firms declaring that they have a medium/high use (with respect to a low/no use) of suppliers and customers respectively as knowledge sources for the development of their innovations. Outmigration data come from mid-population estimates provided by the Office of National Statistics (ONS) and refer to all outflows from each TTWA. The spatial lag of the number of patents is constructed using a queen first order contiguity matrix.
11 Our records provide information on inventors that had patented before in Scotland or Wales, but not on those that patented in a foreign country. Manchester, Sheffield and Newcastle has risen significantly. These time varying spatial patterns will serve as source of variation for the identification of differences in firms' innovative performance in response to the changes in the exposure to knowledge inflows. Table 3 shows the number of firms in our sample by innovation status, and whether they are located in an area experiencing investors' inflows. Firms located in local labor markets qualified as innovation prone show consistently better innovative performance, with an average difference of 2 percentage points in the share of firms performing any product or process innovation. This evidence applies mainly to the category of product innovation, while no significant differences in process innovation emerge. This preliminary unconditional correlation resonates with earlier studies that attributed a positive innovation impact to the mobility of knowledgeable individuals (e.g. Faggian and McCann, 2006; Chellaraj et al., 2008; Hunt and Gauthier-Loiselle, 2009 ).
Finally, Fig. 1 provides a preliminary attempt to link the firm and geographical dimensions alongside the conceptual rationale of this analysis. In this regard, we construct a matrix that reports the share of innovation active firms by typology of region (defined as innovation prone, if they experience any inflows of knowledgeable individuals, and innovation adverse otherwise), and by the nature of their knowledge seeking behavior (distinguishing between firms exploiting internal sources only and those complementing internal with external sources). The pairwise comparison between the upper and the lower quadrants (quadrant 1 with quadrant 3 and quadrant 2 with quadrant 4) shows that, given a certain knowledge seeking behavior, the share of innovative firms is higher in innovation prone areas. Nonetheless, much of the variation comes from the horizontal dimension, i.e. when we compare firms that, given their actual geographical location, differ in terms of knowledge seeking behavior (comparison of quadrant 1 with quadrant 2 and quadrant 3 with quadrant 4). The largest observable difference in the share of innovative firms is manifested alongside the diagonals, in particular when comparing quadrant 1 (which refers to inward looking firms located in innovation adverse regions) with quadrant 4 (outward oriented firms in innovation prone regions). Two main preliminary considerations, which are consistent with our conceptual framework, emerge from the evidence above. First, unintended positive spillovers on firms' innovation due to location specific characteristics are positive but of limited relevance. Firms' heterogeneity in terms of knowledge seeking behavior and strategic approach to the complementarity between internal and external sources plays a major role. That is, firms' attitude and capacity to engage actively with their external environment shape the impact of context-specific characteristics on their performance. Second, best performing firms are those that leverage the benefits from being located in innovation prone areas by making external knowledge an actual component of their innovation process.
Estimation strategy and identification approach
Our estimation is based on the Knowledge Production Function (KPF) approach popularized by Griliches (1986) and Jaffe (1986) where firms' innovative performance can be explained by the amount of internal inputs (mainly capital and labor) devoted to the innovative process. The standard specification is augmented by our regressor of interest, the dummy that signals the attractiveness of each local labor market in terms of knowledgeable inflows, following existing contributions that adapt the knowledge production framework to extended input specifications (e.g. Zucker et al., 2007; Ramani et al., 2008; Czarnitzki et al., 2009; Crescenzi et al., 2015) . 
Where P Product or Process Innovation
, is the probability of performing any product or process innovation for firm i located in TTWA c at time t; K and L are respectively the amount of intramural R&D expenditure that each firm i located in TTWA c within the period t devoted to the innovative process, and the share of high skilled workers 12 Note: Product Innovation refers to "activities bringing to the market or into use by business, new and improved products, including both tangible goods and the provision of services". Process innovation is defined as "significant changes in the way that goods or services are produced or provided". Both variables can refer to both products and processes new to the business only or also new to the industry.
12 Data on skilled employees come from the section 'General Economic Information' of the CIS questionnaire. It refers to the share of employees that hold a degree (BA/BSc, or R. Crescenzi, L. Gagliardi Research Policy 47 (2018) 782-795 employed by the firm. Innovation Prone Area, the regressor of interest, is a dummy that takes the value 1 if TTWA c experience inventors' inflows at time t-T and 0 otherwise. Our specification controls for both firm and wave fixed effects. This is a highly valuable feature since firm fixed effects make it possible to account for the role of time invariant unobservable characteristics at the firm level, including the possibility that they systematically differ with respect to their capability to understand, process and absorb knowledge. Eq. (1) is estimated by means of a Linear Probability Model (LPM). Several considerations justify this methodological choice. First, estimating Eq. (1) through binary response models -such as probit models -is subject to separation problems (Zorn, 2005) , which arise when one or more covariates perfectly predict the outcome of interest and is intuitive when both the dependent and independent variables of interest are binary. 13 The conventional response to separation problems is dropping from the analysis the observations that generate the problem (Long and Freese, 2006) . However, this is a highly problematic choice when the separation reflects a genuine causal process-as potentially in our case -since we are looking at the impact of a rare event (recent mobility) upon a specific sub-group of firms (e.g. those performing product or process innovation). Second, while unobserved firm-level fixed effects can be efficiently controlled for by means of a within transformation in a linear context (see for example Miguel et al., 2004) , the same approach is not applicable to non-linear estimation techniques. The inclusion of firm level dummies when the time dimension is small − as in the case of this analysis − would result in the incidental parameters problem leading to inconsistent estimates. Finally, endogeneity concerns, especially for panel data, cannot be applied in a straightforward manner in the context of Maximum Likelihood (ML) or Control Function (CF) approaches. For instance, the application of instrumental variable techniques (2SLS estimation) would be particularly concerning in our case as any misspecification of the first stage in the 2SLS approach would just impact on efficiency, while the ML or control function estimators would become inconsistent (Lewbel et al., 2012) . While the first concern discussed above could be potentially addressed by means of a Penalized Maximum Likelihood estimation approach and, in principle, it also remains applicable to an ordinary least squares (OLS) framework, the second and third considerations persist. The concurrence of these features has therefore driven our choice in favor of the LPM as the most suitable estimation strategy. The choice of the LPM under similar conditions is now customary in the empirical literature and it has proved to deliver, where direct comparisons with nonlinear techniques are made possible by the data, qualitatively similar results (Miguel et al., 2004; Gagliardi, 2015; Crescenzi et al., 2015 Crescenzi et al., , 2016 . The model specified in Eq.
(1) makes a clear assumption on the direction of the causality between our dependent and independent variables. We postulate that being located in a knowledge hub makes firms more innovative as they have the possibility to take advantage of the creation of a contextually enabling environment for innovativeness. Causality may, however, also run in the opposite direction. Spatial contexts in which highly innovative firms are located may be able to develop as knowledge hubs by attracting knowledgeable individuals due, for example, to better job opportunities. In the first instance, the adoption of a 'lagged' measure of mobility to qualify our innovation prone status substantially limits this concern. Moreover, apart from the cases where a few very large firms dominate their respective local markets, individual firms can rarely act as a primary pull factor for labor inflows into their entire labor market area. In order to further minimize any potential reverse causality bias, we adopt a novel instrumental variables (IV) approach. We draw from the economic literature on migration and exploit supply push factors in the TTWAs of origin as an instrument for the likelihood of inflows in each TTWA (e.g. Ortega and Peri, 2009; Bianchi et al., 2012) . In other words, we instrument the likelihood of inflows in TTWA c by means of the outflows from all other TTWAs j≠c, taking advantage of the fact that 'pushfactors' of mobility do not depend on the characteristic of the area of destination but only on conditions in the area of origin.
More specifically, we exploit as a push factor the signaling effect linked to the quality of a highly successful invention that increases inventors' visibility, making them more attractive for potential Fig. 1 . Share of innovation active firms by typology of region and knowledge seeking behavior. Note: The graph reports the share of firms performing product or process innovation according to whether they are in an innovation prone area or not (0: innovation adverse areas; 1: innovation prone areas) and whether they make use of external sources of knowledge or not (0: internal sources only; 1: internal and external sources). Source: UK-CIS (footnote continued) higher degree, e.g. MA/Phd, PGCE) in science and engineering or in other fields.
13 In our case the dependent variable P Innovation ( )
is perfectly predicted by InventorsFlows c,t−T for the cases in which both variables are equal to 0 (when firm i, which does not perform any innovation activity, is located in a TTWA c that does not experience inventors inflows) or both are equal to 1 (when firm i, which does perform any innovation activity, is located in a TTWA c that experiences inventors inflows). Together with cases in which our dependent variable is equal to 1 and the regressor of interest is equal to 0 (firm i, which performs some innovation activity, is located in a TTWA c that does not experience inventors inflows) the three occurrences cover 90% of our sample giving rise to a quasi-separation problem when estimating Eq. (1) using probit/logit techniques. employers located in other labor markets. The immediate payoff of a highly successful (and highly cited) invention may, in fact, be associated with greater visibility and opportunities of mobility and job offers.
14 We interpret a peak in the number of citations received in the 12 months after the patent's publication at TTWA level as an indication for the development of highly successful patents by local inventors, 15 which increases the probability of individual mobility − and thus the likelihood of the local labor market to be a "net donor of talents" − independent of the degree of attractiveness of the potential areas of destination. Then, we use this supply push factor in all TTWAs j≠c to instrument for our regressor of interest. To attribute the push factors in all TTWAs j of origin to the destination TTWAs c, we employ a distance based weighting matrix. This assumes that the exposure of each TTWA c to the relocation of inventors from other local labor markets is proportional to the bilateral distance between c and each j. Computa tionally, the instrument takes the following form:
We expect our instrument to be positively correlated to the instrumented variable. This rationale is supported by previous related research showing that inventors characterized by more valuable patents (i.e. most cited patents) are those with the highest probability of mobility (Trajtenberg et al., 2006) . A more detailed description of the technical aspects related to the construction of the instrument, and its robustness against exclusion restrictions' concerns, is available in Appendix B.
Empirical results and robustness checks

Baseline estimates: the role of firms' heterogeneity
Results for the estimation of Eq. (1) are reported in Table 4 . In Column 1 we estimate the standard firm-level KPF (adopted as the baseline model) where innovation is a function of intramural investments in R&D and the proportion of employment with degree or above, which are our main proxies for potential absorptive capacities. We also control for export orientation at the firm level to account for learning by exporting mechanisms. The estimates confirm the relevance of R&D investment, which turn out to be a positive and significant determinant of innovation as expected. The regressor for human capital inputs into the KPF shows the expected sign and is significant at the 1% level. In Column 2 we include TTWA dummies to account for time invariant characteristics at the local labor market level. Results remain robust with the dummy for being located in innovation hubs being significantly correlated with firm innovation at the 1% level: being located in places that can attract knowledge inflows increases the likelihood of innovation by about 4%. We make a step forward and control for firm fixed effects in Eq. (1). This makes it possible to fully control for both observable and unobservable characteristics at the firm level (e.g. size, age, industry, location, etc.). Accounting for firms' observable and unobservable heterogeneity significantly affects our results. In the specification reported in Column 3 the regressor of interest, the dummy for innovation prone areas, maintains its positive sign -suggesting a positive association between the location in an environment that is conducive of positive knowledge externalities and the innovative performance of local firms -but is not statistically significant. These results recommend greater caution in the analysis of the impact of mobility on firms' innovation in line with recent research in the field (e.g. Maré et al., 2014; Gagliardi, 2015) . When firms' specific characteristics are fully accounted for there is no evidence of an independent link between the external environmental conditions and innovation, implying that firms' heterogeneity remains the key missing link in 'aggregate' studies based on regional knowledge production functions approaches.
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Results also remain consistent when endogeneity concerns are accounted for by means of the instrumental variable approach presented in Section 4. Our regressor of interest remains positively associated to innovation but not statistically significant (Table 5 , Column 1). As expected our instrument is positively correlated with the instrumented variable: indeed, the immediate payoff of the development of a highly successful invention is reflected in a higher probability of inventors moving out of their current region of residence. The first stage supports the strength of the IV approach (Column 2) showing an F-statistic that is well above the value of ten from the 'rule of thumb' proposed by Staiger and Stock (1997) .
Heterogeneous effects: the importance of firms' realized absorptive capacities
Results from Table 4 suggest that firms' heterogeneity plays a crucial role in channeling the benefits from the location in contextually enabling environments. By means of firm fixed effects we factor out a significant portion of this variation due to unobservable characteristics. However, time variant heterogeneity may still play a significant role in explaining firms' knowledge acquisition and exploitation behavior. Our hypothesis is that much of this time variant firm heterogeneity has to do with realized absorptive capacities, which encompass all firms' characteristics, attitudes and strategic behaviors that allow them to successful exploit − rather than just understand and assimilate -external sources of knowledge within their innovation processes. The aim of this section is to dig further into this rationale and to explicitly test this hypothesis in our data. Accordingly, we exploit information, available in the UKIS, on firms' heterogeneity in learning behavior. In order to account for the role of realized absorptive capacities we restrict the analysis to those firms declaring that they significantly exploit external 14 This rationale is also employed by Hoisl (2007) who proposes an instrument based on whether an invention was made in a large city or in a rural area. The assumption is that inventions made in large urban areas have a greater signaling effect, thus leading to a higher probability for their inventor(s) to receive a job offer by a competitor of their current employer. 15 By citation peak we refer to a steady increase in the number of citations by TTWA with respect to the national average. We measure it by the average number of citations per patent by TTWA in the 12 months after the patent's publication date normalized with respect to the average number of citations per patent in the 12 months after publication at the national level during the time span 1995-2007. Further details are reported in Appendix B. 16 We also re-run our baseline specification on product and process innovation separately (Table A1 , Appendix A, Columns 1 and 2). The coefficient remains not statistically different from zero in both specifications.
sources of knowledge in their innovation process. This same sub-sample has been used in related studies addressing the role of external sources of information for firms' economic performance (Criscuolo, 2005; Van Leeuwen and Klomp, 2006; Crespi et al., 2007) . Then, we re-estimate our preferred specification (the one reported Column 1, Table 5 ) on this new sample. Interestingly, when we focus on those firms that exploit external knowledge as an innovation input, the effect of being located in an innovation prone area becomes positive and significant at the 5% level (Table 5 , Column 3). The estimated coefficient suggests that firms located in areas experiencing inflows of knowledgeable individuals are on average 20% more likely to develop product or process innovation. The coefficient for other internal inputs -such as R&D investments -is sensibly lower than in the full sample, supporting the view that -after reaching a minimum threshold that ensures that the necessary potential absorptive capacities are in place -external sources of knowledge can partially substitute for internal resources in outward oriented firms. In other words, firms that manage successfully the internal-external tradeoff are also those developing an optimal knowledge mix.
The magnitude of the effect, despite not being directly comparable with other studies, is generally in line with previous findings. In particular, Hunt and Gauthier-Loiselle (2010) find that immigrants generate positive spillovers in the USA, resulting in a 15% increase in patents per capita in response to a 1 percentage point increase in immigrant college graduates. Gagliardi (2015) -using CIS data for Britain -suggests that a 1% increase in skilled immigrant generates a 19% increase in the probability of firms performing any product or process innovation at the regional level.
It is important to highlight that our IV strategy is also highly robust on the restricted sample. First stage results reported in Column 4 (Table 5) confirm that the instrument remains significantly correlated with our regressor of interest and highly significant. Additionally, the Fstatistics suggest that the IV does not suffer from weak instrument bias.
Robustness checks
We perform a number of checks on the robustness of our main findings. In particular, the reliability of our estimates is tested with respect to alternative channels of knowledge diffusion and additional sources of potential biases. The exclusion restrictions of our preferred IV specification relies on the assumption that citations' peaks at the TTWA level signal the recent development of highly successful inventions and affect innovation only through the mobility of inventors. However, alternative explanations may turn out to be equally reasonable.
First, the development of highly successful patents − leading to the observed citations' peak -may also generate knowledge spillovers across TTWAs via demonstration effects and/or backward and forward linkages. The first mechanism is, in fact, ruled out by the restrictive time window selected for the identification of the citation peak. It is highly unlikely that firms can imitate highly visible inventions from other regions by developing related inventions in just 12 months. The use of patents to legally protect these inventions implies an ownership advantage that is unlikely to be eroded by imitation in such a short time-span (Bloom and Van Reenen, 2002) . Conversely, spillovers through backward and forward linkages may still be a relevant concern. In order to test the significance of this potential alternative transmission channel, the IV model is re-estimated for both the full and the restricted sample by including controls for backward (towards upstream industries) and forward (towards downstream industries) linkages. Results reported in Table 6 (Column 1 and 2) show that our findings remain robust (although the coefficient for being located in an innovation prone area is slightly lower on the full sample with respect to the estimates reported in Table 4 ). Overall, spillovers through backward and forward linkages play a much more significant role on the full sample than on the restricted sample of firms, showing an attitude towards the exploitation of external sources of knowledge. Second, it may be possible that our instrument captures broader spatial spillovers operating across contiguous areas. For instance, if highly innovative locations are close to each other the instrumentwhich attributes to each TTWA the effect of a peak in the number of citations in other TTWAs through an inverse distance matrix − may partially reflect the effect of this clustering phenomenon. If this is the case part of the positive effect attributed to the exposure to inventors' inflows just reflects the agglomeration of highly innovative locations. We report in Columns 3 and 4 (Table 6) our main results on the full and restricted sample respectively further controlling for the spatial lag in the number of patents. In the case in which our instrument mainly captures spatial spillovers we should expect its significance to be substantially lower in the first stage. However, estimates suggest that the instrument remains significantly and positively correlated with the instrumented variable. Results also remain comparable with those reported in Table 5 .
Finally, the robustness of our results needs to be tested against the role of outflows from each TTWA. The literature on migration has traditionally found a significant correlation between inflows and outflows within the same spatial contexts despite the lack of consensus on its sign and magnitude (e.g. Card, 2005) . Inventors' inflows can either generate a displacement effect due to increasing competition within the labor market or induce a positive impact in the case where agglomeration effects prevail. Consequently, we include in Table 6 (Column 5 and 6) a control for outmigration. Once again, results on the full and restricted samples reported in Columns 5 and 6 respectively do not support this concern and remain consistent with our main estimates.
A sketched profile of best performing firms
The main result of this analysis is that firms' heterogeneity in terms of knowledge seeking and acquisition behavior plays a crucial role in channeling the benefits from the location in contextually enabling Clustered-Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Note: The restricted sample is constructed drawing from the section "Context for Innovation" restricting the analysis to firms rating 2 or 3 (in a scale from 0 to 3) the category "market sources of information and institutional sources of information" that includes suppliers, clients, customers, competitors, other businesses in the industry, consultants, commercial labs, universities and public and private R&D institutes.
environments. This section digs deeper into the main characteristics of the best performing firms (i.e. firms complementing internal and external sources of knowledge) by drawing a sketched profile alongside four important dimensions: ownership, size, industry and market behavior. Fig. 2 identifies four organizational types: firms that are part of an MNE group, small enterprises (10-49 employees), firms active in the manufacturing industry and firms that report the supranational market (European and/or international) as their main reference market. It reports the share of firms of each kind by knowledge behavior comparing firms that exploit internal knowledge sources only (left panel) with those complementing internal and external sources (right panel). MNEs exhibit a more pronounced attitude to the exploitation of both internal and external sources of knowledge. This is in line with previous findings in the international business literature on the behavior of MNEs in the UK. Cantwell and Iammarino (2000) find that the location patterns of MNEs in the country follows the hierarchy of knowledge centers and that this reflects their distinctive knowledge seeking behavior in terms of attitude to exploit localized sources of knowledge. Small firms are instead under-represented in the sample of firms that complement internal with external knowledge sources. This reasonably reflects the lower absorptive capacities, both potential and realized, of smaller firms for which the cost of accessing external knowledge remains - Clustered-Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1 Column 2, 4 and 6 refer to the sub-sample of firms exploiting external sources of information to develop their innovative activities. Gagliardi Research Policy 47 (2018) 782-795 notwithstanding geographical proximity -prohibitively high due to internal routines or knowledge-management failures. Finally, outward oriented firms, which use external sources of knowledge extensively, are more likely to operate in the manufacturing industry rather than in the service sector and they are also characterized by a stronger presence on the supranational market, meaning that they tend to send their products outside their regional or national boundaries.
Conclusions and implications
This paper investigates how the innovative performance of firms changes in response to innovation prone local environments that offer exposure to the inflows of knowledgeable individuals. The paper integrates insights from economic geography on the circulation of knowledge across and within functional regions with a more careful conceptualization of firms' knowledge acquisition and exploitation behavior from the management literature.
The empirical analysis suggests that firms located in local labor markets exposed to inflows of knowledgeable individuals tend to be more innovative. However, this effect, also identified in previous regional-level analyses, is not robust after controlling for firm observable and unobservable characteristics. Firm-level heterogeneity in terms of resources and capabilities is of paramount importance to explain the impact of external conditions on innovation. Contextually enabling environments boost innovation only in firms that make the exploitation of external knowledge sources an essential part of their strategies, actively combining potential and realized absorptive capacities. Conversely, exposure to an innovation prone external environment is of limited or no benefit to cognitively inward looking firms.
What can be learned from these results? The empirical analysis presented in the paper should be interpreted while bearing in mind some key limitations. First, our measure of exposure to knowledgeable inflows is based on a very specific typology of skilled and innovative individuals, namely inventors. Second, our analysis shares the strengths as well as the limitations of other studies based on CIS data: the sample might systematically under-estimate certain forms of innovation (e.g. innovation in services).
17 Third, though we control for the variation over time in qualified personnel at the firm level -thus disentangling the innovation effect associated to the learning by hiring mechanism from the pure externality dynamic -we cannot directly identify the firms actually hiring the inventors: data limitations make this impossible, preventing us from exploring the concurrent effect of job-tojob mobility. Having acknowledged these limitations, this paper fills two relevant gaps at the intersection between different streams of research. The strategic management literature has devoted substantial attention to the organizational mobility of personnel as a way to achieve better innovative outcomes, but it has traditionally under-investigated the complementary role of geographic mobility. Conversely, economic geography has extensively investigated the impact of contextual conditions on firms' innovative performance, but has often under-estimated the role of firm-level heterogeneity in the interaction with external environments. This paper develops a testable framework that places the interaction between firm strategies and innovation prone external environments at the very center of the innovation performance of firms. Robust quantitative results show that knowledge management strategies are central in order to leverage knowledge-rich contextual conditions.
Second, by cross-fertilizing the management and economic geography perspectives we gather important implications for both managerial practices and policy making. On the one hand, our results suggest that managerial strategies should carefully account for the local environment in which firms operate. Private returns can be generated from the adoption of open innovation strategies that pro-actively build on the complementarity between internal and external assets. Large firms are increasingly aware of these opportunities and these types of initiatives have flourished in recent years -e.g. the Ecoimagination program launched by General Electrics -as a means to manage innovation strategies in a fast growing and ever changing global competitive environment. Our results support the adoption of these open strategies in firms of all sizes including SMEs (that are also represented in the UKIS sample used in the analysis).
On the other hand, this research stresses the importance of accounting for the complex bilateral relationship between organizational and contextual conditions when designing public policies targeting innovation. It uncovers the potential drawbacks of 'traditional' innovation policies that look at firms as passive recipients of knowledge, failing to develop 360°diagnoses of knowledge-absorption and knowledge-exploitation behaviors at the firm level. Typical examples of this approach are 'traditional' top-down innovation policies inspired by the Lisbon Agenda of the European Union and implemented in virtually all EU countries and regions in the 2000s. This generation of innovation policies relied extensively on public and private R&D incentives in order to foster the innovative performance of countries, regions and firms. Since 2014 a new approach to innovation policies has been embraced by the European Union. This new generation of innovation policies is inspired by a 'Smart Specialisation' approach that places the process of 'entrepreneurial discovery' -led by (existing and new) entrepreneurs -at the very center of all innovation strategies (Foray et al., 2011) . The policy's support to the process of 'entrepreneurial discovery' aims at reinforcing the capacity of firms to search outside their organizational boundaries and "discover the domains of R&D and innovation in which a region is likely to excel given its existing capabilities and productive assets" (Foray et al., 2011, p. 7) . Innovation policies inspired by the Smart Specialisation approach and financed across the entire EU by Cohesion and Innovation funds constitute a fertile experimentation field for concrete policy tools simultaneously targeting firm-level capacities and their connections with the surrounding innovation eco-systems in line with the evidence produced in this paper. However, robust counterfactual evidence on what works (and what does not) in order to achieve the intended objectives in terms of wider collaboration patterns and firm-level innovation is still at an infant stage (e.g. Crescenzi et al., 2018) . The identification of the most effective tools to practically trigger the mechanisms highlighted by our analysis remains a key challenge for scholarly and policy debates in Europe (and beyond). Further insights on these issues remain part of our agenda for future research.
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1 index for each TTWA j with the average number of citations per patent in the 12 months after publication at the national level during the time span 1995-2007. The number of citations per patent in the year after their publication for the whole UK over a 12 year time span provides a measure of the national average trend in citations. By comparing it with the average number of citations per patent in each TTWA at a specific point in time we can detect any deviations from the national average for each local labor market. We interpret this deviation from the national average as a signal for the development of a highly cited (and highly visible) invention by individual inventors located in specific geographical segments of the labor market. Computationally the instrument takes the following form: 1995,2007 1995,2007 1995,2007 1995,2007 
Where W c,j is an inverse linear distance matrix between each TTWA c and all the other TTWAs j. We therefore instrument the capability of each TTWA c to attract knowledgeable individuals by the spatially weighted average of the peaks in citations of inventions patented in all other TTWAs j measured as the deviation from the national average in the number citations per patent.
From the methodological point of view the focus on forward citations received in the 12 months after the patent's publication is consistent with our interest in the potential signaling effect associated to the recent development of a valuable invention. The choice of the national level as a benchmark, apart from being justified by its exogenous nature with respect to any local path-dependency pattern, makes it possible to focus on Clustered-Robust standard errors in parentheses, ***p < 0.01,**p < 0.05, *p < 0.1. R. Crescenzi, L. Gagliardi Research Policy 47 (2018) 782-795 inventions receiving relevant attention outside each individual local area ('national champions'). Finally, the selection of a time interval spanning from 1995 to 2007 for the construction of the national average supports our claim that the peak in the number of citations experienced by a certain area represents a unique phenomenon in time (reasonably connected to the development of a highly successful invention) rather than a consolidated local trend.
